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ABSTRACT: The conversion of readily available monosaccharides to high-value amino alcohols using a key biocatalytic step is an 
attractive strategy for the preparation of these chiral synthons. Here, we report a previously undescribed example of the direct ami-
nation of monosaccharides, which exist predominantly in their cyclic form at equilibrium, using amine transaminase biocatalysts, 
providing access to a panel of amino alcohols in moderate to high conversion and isolated yield. A recently developed high-throughput 
colorimetric screen, employing o-xylylenediamine, was initially used to identify amine transaminase enzymes displaying this activity 
towards cyclic sugars and reactions were successfully scaled-up using isopropylamine. 
KEYWORDS: amine transaminase, amino alcohol, biocatalysis, monosaccharide, sugar 
 
The development of efficient biocatalytic routes for the syn-
thesis of optically pure (agro)chemicals and pharmaceuticals 
that are difficult to access using more traditional synthetic meth-
odology remains an important challenge and has inspired the 
concept of biocatalytic retrosynthesis.1 Of particular relevance, 
is the need to reduce our dependence on fossil fuel-derived 
chemicals and find alternative, low-cost and sustainable starting 
materials for the production of these molecules.2  The aldehyde 
and ketone functionality present in carbohydrates provides an 
opportunity to exploit this abundant feedstock for the produc-
tion of valuable chiral amino alcohols/aminopolyols, via direct 
amination. These compounds represent valuable synthons for 
the generation of a diverse array of (chiral) molecules.3 How-
ever, achieving selectivity using traditional reductive amination 
is extremely challenging and typically requires the use of met-
als/metal-ligand complexes.4 Access to enzymes capable of in-
stalling an amino group and affording highly functionalized chi-
ral templates that can be further decorated is an attractive pro-
spect.  
The application of amine transaminases (ATAs) for the 
conversion of aldehydes and pro-chiral ketones to the 
corresponding (chiral) amines in the presence of a pyridoxyl-5-
phosphate (PLP) coenzyme and suitable amine donor is well 
established.5 However, the only report of ATA-mediated 
conversion of simple sugars to amino alcohols have been with 
the tetroses, D-erythrose and L-erythrulose (scheme 1 (i)),6 
which do not readily form cyclic structures, and this 
transformation has not been reported for monosaccharides that 
cyclize to form hemiacetals. While the less studied sugar 
aminotransferases (SATs) play an important biosynthetic role 
in the amination of oxidised sugars (scheme 1 (ii)), this enzyme 
class is only active on sugar phosphates and sugar nucleotides 
and activity on simple monosaccharides has not yet been 
reported.7 The absence of literature reporting transaminase 
activity on simple monosaccharides suggests that they have 
simply been overlooked as potential substrates.  
Biocatalysis has been successfully employed for the 
synthesis of valuable amino alcohols starting from simple 
building blocks by designing multi-enzyme cascades.6b,8 
However, there is enormous scope for the development of a 
one-step strategy via direct amination from simple and easily 
accessable monosaccharides (scheme 1 (iii)). Here, we report 
the direct biocatalytic amination of aldoses, which exist as 
cyclic sugars in equilibrium.  The strategy, which exploits 
transaminases, allows access to a range of chiral omega-amino 
alcohols on a preparative-scale, starting from the corresponding 
aldoses.  
 
Scheme 1. Biocatalytic Strategies for the Direct Amination 
of Sugars. 
i) Amination of the non-cyclic sugar L-erythrulose6 and ii) sugar 
phosphates7a using transaminase enzymes. iii) Proposed strategy 
for the direct amination of aldoses that exist predominantly as cy-
clic structures, using amine transaminase biocatalysts, affording 
valuable amino alcohols. 
 
We initially evaluated the ability of four commercially 
available ATAs to convert selected monosaccharides to the cor-
 responding amino alcohols, using our previously reported o-xy-
lylenediamine colorimetric screen9 (figure 1). Application of 
commercially available o-xylylenediamine as the amine donor 
leads to the formation of an isoindole co-product that rapidly 
polymerizes, resulting in a colored polymer and providing a 
convenient method for identifying ATA activity. The acceptor 
panel screened comprised 15 sugars that were commercially 
available and of relatively low-cost. The liquid-phase assay re-
vealed that a number of the sugars showed some activity with 
one or more of the ATAs. Of the four commercially available 
enzymes screened, (S)-selective ATA 25610 displayed the best 
activity towards the sugar panel and was selected for further 
evaluation. Six wild-type (WT) ATAs were also evaluated 
against a similar sugar panel (see supporting information for 
more information and assay details). The WT ATAs that 
showed the highest activity on the panel of sugars were a pu-
trescine transaminase, HEWT, from Halomonas elongata 
(DSM 2581)6a and 3HMU from Rugeria pomeroy (DSM 
15171).11  
Figure 1. O-Xylylenediamine colorimetric screen used to identify 
sugar substrates. Enzymes: Row A: ATA256 Row C: ATA113; 
Row E: ATA025; Row G: ATA117. Rows B, D, F and H are con-
trol reactions containing no enzyme. L1: D-glucose; L2: D-man-
nose; L3: D-galactose; L4: 2-deoxy-D-galactose; L5: L-rhamnose; 
L6: tagatose; L7: D-fructose; L8: L-sorbose; L9: D-ribose; L10: 2-
deoxy-D-ribose; L11:  2-deoxy-L-ribose; L12: D-arabinose; L13: 
D-lyxose; L14: D-erythrose; L15: L-erythrulose; L16: pyruvate; 
L17: no acceptor. Dark wells indicate activity. Enzyme (0.1 
mg/mL) was added to a mixture of o-xylylenediamine (5 mM), 
sugar (5 mM) and PLP (0.1 mM) in HEPES buffer (200 µl, 100 
mM, pH 8.0). 
 
Analytical-scale biotransformations were first carried out 
with ATA256, HEWT and 3HMU and a single sugar substrate, 
2-deoxy-D-ribose, to establish the optimum conditions for per-
forming these reactions. A range of pH values, temperatures and 
amine donors/amine donor concentrations were evaluated (see 
supporting information). ATA256 performed well over a broad 
pH range as did HEWT. WT 3HMU appeared to be more sen-
sitive to changes in pH. All enzymes were screened at 30 °C 
and 50 °C and as expected, commercial variant ATA256 per-
formed better at the higher temperature, while the activity of the 
WT enzymes was significantly decreased at 50 °C. A screen of 
the amine donors revealed that 1-3 equivalents of o-xylylenedi-
amine or IPA were effective at displacing the reaction equilib-
rium and enabling good conversion of 2-deoxy-D-ribose to the 
corresponding amino alcohol, with one or more of the ATAs. 
Based on this data, suitable conditions were selected for each 
enzyme and reactions performed on an expanded sugar panel 
(Figure 2). 
 
Figure 2. Sugar substrates 1-9 selected for analytic-scale biotrans-
formations following initial colorimetric assay.  
 
Biotransformations with substrates 1-9 (10 mM) were car-
ried out using 1.1 equivalents of o-xylylenediamine (table 1) 
and reactions evaluated by NMR. To accurately establish the 
percentage conversion, maleic acid was added to the NMR sam-
ples as an internal standard and the formation of the product 
protons, HB, were monitored (figure 3, see supporting infor-
mation for details). Despite the low concentration of the open-
chain sugar substrate available at equilibrium (typically less 
than 1%), conversions of up to 69% were achieved using just 
1.1 equivalents of the amine donor, o-xylylenediamine. All 
three enzymes performed better with deoxy-sugars 1,2 and 6 
and generally displayed lower activity towards the non-deoxy 
derivatives. While it would be interesting to explore the rela-
tionship between the concentration of active carbonyl species in 
solution and the overall conversion achieved, there appears to 
be no obvious correlation between the two, based on values for 
the mutarotation rates reported in the literature.12 Measuring 
these concentrations accurately is challenging due to the low 
concentration of the species and this was not explored in detail 
in this study. No stereochemistry preference pattern emerged 
from this screen, although a larger panel of sugars would need 
to be evaluated to draw meaningful conclusions.  
 
Table 1. The Conversion of Monosaccharides 1-9 to the Cor-
responding Amino Alcohols.a 
Substrate Conv. 
ATA256 
Conv. 
3HMU 
Conv. 
HEWT 
2-deoxy-D-ribose 1 68 51 66 
2-deoxy-L-ribose 2 39 35 69 
D-ribose 3 22 17 41 
L-arabinose 4 3 6 8 
D-arabinose 5 7 3 3 
2-deoxy-D-galactose 6 14 15 35 
L-lyxose 7b 11 13 6 
D-lyxose 8 7 2 5 
L-rhamnose 9 10 2 25 
a1.1 equivalents of o-xylylenediamine was employed with 10 mM 
sugar substrate. Conversions were calculated by NMR. All reac-
tions were performed in triplicate. See supporting information for 
reaction conditions. bSubstrate was not included in the initial col-
orimetric screen. 
 
 Figure 3. Representative NMR spectra in D2O showing how the 
conversion of 2-deoxy-D-ribose is monitored (see supporting 
information for further details). (a) 2-deoxy-D-ribose; (b) 
biotransformation of 2-deoxy-D-ribose with ATA256 after 24 
hours. The reaction is spiked with maleic acid and shows the 
formation of the amino alcohol product, (2R,3S)-5-aminopentane-
1,2,3-triol; (c) synthetic standard of (2R,3S)-5-aminopentane-1,2,3-
triol. 
 
Commercially available ATA256 was selected for the pre-
parative-scale synthesis of nine amino alcohols 10-18 (see sup-
porting information for amino alcohol structures), employing 
100 mM or 200 mM of the starting sugar. As initial analytical 
results showed that just 3 equivalents of IPA was sufficient to 
achieve an 83% conversion of 2-deoxy-D-ribose to the corre-
sponding amino alcohol (data not shown), this amine donor was 
selected to perform the preparative-scale biotransformations. 
Excellent conversions to the corresponding amino alcohols 10-
18 could be achieved for a number of the substrates, using 4 
equivalents of IPA and either 100 mM or 200 mM of the sugar 
substrate at 50 °C. Products were isolated in moderate-good 
yields (table 2) enabling up to 475 mg of amino alcohol to be 
isolated. The results clearly demonstrate the suitability of this 
methodology for the scalable biocatalytic synthesis of these val-
uable products. 
 
Table 2. Preparative-Scale Synthesis of Selected Amino Al-
cohols.a 
Substrate Amino 
alcohol 
Conc. 
mM 
Conv. 
% 
Yield 
% 
Isolated 
mg 
2-deoxy-D-ribose 1 10b 200 94 69 475 
2-deoxy-L-ribose 2 11 b 200 94 69 474 
D-ribose 3 12 b 100 62 47 176 
L-arabinose 4 13 b 100 35 28 104 
D-arabinose 5 14 b 100 75 38 144 
2-deoxy-D-galactose 6 15 b 100 30 22 88 
L-lyxose 7 16 b 200 24 16c 121 
D-lyxose 8 17 b 200 21 11c 86 
L-rhamnose 9 18 b 100 48 33 131 
aCommercially available (S)-selective ATA256 and 4 equivalents 
of IPA was employed with either 100 mM or 200 mM of sugar 
substrate. Conversions were calculated by NMR after 48 hours and 
isolated yields are reported after purification on Dowex resin. See 
supporting information for reaction conditions, compound charac-
terisation and bproduct structures. cAfter purification, compounds 
are still contaminated with IPA.HCl salt.  
 
In summary, we have demonstrated the first example of the 
biocatalytic conversion of simple, cyclic sugars to the corre-
sponding amino alcohols using amine transaminase enzymes. 
Having initially identified promising sugar substrates using a 
colorimetric assay employing o-xylylenediamine and 
subsequently performing analytical-scale reactions, a selection 
of amino alcohols were synthesised on a preparative-scale using 
a commercially available amine transaminase. This 
methodology allowed easy access to large quantities of amino 
alcohol product and has the potential to become the go-to 
approach for the synthesis of amino alcohols from simple 
monosaccharides. Efforts are currently focused on the 
identification of transaminase biocatalysts that accept a broader 
range of monosaccharides, including ketoses. 
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